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(54) Tire and method lor correcting tire uniformity thereof 



(57) According n tin invonlion. a pneumatic tire 
(800) and method ot m^nutactunng the pneumatic tire 
having improved tire uniformity characteristics is dis- 
closed. The carcass rcnfofcemcnl ply (820) has a plu- 
rality of reinforccmcn cords (821 ) embedded in a matrix 
material that can be tendered plastic and non-plastic to, 
respectively, pemmt and restricts reorientation of the re- 
inforcement cords a'tcr the li^o has been at least par- 



tially vulcanized . The method includes t he steps of ren- 
dering the matrix m aterial plastic, reorienting one or 
more reinforc ement cords withoijt their being stretched 
beyond their elastic limits, and the njendering the matrix 
material non-plas tic. The reorientation can occur while 
the tire is still in the tire mold or when the tire is stilt hot 
from the tire mold and at a temperature of at least the 
deflection temperature by applying a force for reorient- 
ing the reinforcement cords. 




Pnnted by Jouve, 7S001 PARIS (FR) 



>OCID: <EP 1127682A2_I_> 



1 EP 1 127 

Description 

CROSS-REFERENCE TO RELATED APPLICATIONS 

[0001] Attention is directed to commonly-owned, co- 5 
pending PCT/US99/24283 and PCT/US99/24449. both 
filed October 18, 1999. 

TECHNICAL FIELD OF THE INVENTION 

10 

[0002] The invention relates to con-ecting unifonnnity 
characteristics of a pneunnatic tire, without grinding. 

BACKGROUND OF THE INVENTION 

15 

PNEUfS4ATIC TIRES 

[0003] Figures 1A and 1B Illustrate an exennplary 
pneumatic tire 1 00 of the prior art. The tire 1 00 includes 
a pair of annular substantially inextensible beads 102 20 
and 104, each of which is disposed within a respective 
bead portion 106 and 108 of the tire 100, a generally 
cylindrical tread portion 110, a relatively inextensible 
belt structure ("belts") 1 1 2 disposed within the tread por- 
tion 110, and sidewall portions 114 and 116 extending 25 
between opposite sides 1 1 0a and 1 1 0b of the tread por- 
tion 110 and respective ones of the bead portions 106 
and 1 08. The tire 1 00 has a section height SH measured 
from an edge of the bead portion 106 (or a nominal rim 
diameter) to an outer diameter of the tread portion 110. 3o 
The tire 1 00 has an inner surface 118 and an outer sur- 
face 1 1 9. An inner liner (not shown) is typically disposed 
on the inner surface 118 of the tire 100. 
[0004] At least one carcass reinforcing member 120 
(also referred to as a "pi/') extends between the two 35 
beads 102 and 104, within the carcass of the tire 100. 
Th ply 120 has a central (middle) portion 120a which 
is disposed between the two beads 102 and 104, and 
has two opposite end portions ('lurn-up" ends) 1 20b and 
120c. each of which wrap around a respective one of -^o 
the beads 1 02 and 1 04 and extend radially back towards 
the tread portion 11 0 of the tire 1 00. The tire 1 00 further 
typically includes bead filler apexes 122 and 124 dis- 
posed atop respective ones of the beads 1 02 and 1 04 
and extending radially outwardly therefrom. -ts 
[0005] The tire 100 has an axis of rotation (not 
shown), an outer diameter which is twice (2x) a radius 
dimension between the axis of rotation and the tread 
surface, and an inner diameter which is (2x) the radius 
dimension between the axis of rotation and an inner so 
edge of the bead portion. An equatorial plane "EP" for 
the tire 1 00. is defined as a plane which is perpendicular 
to the tire's axis of rotation and passing through the cent- 
er of the tread portion 1 1 0, or midway between the tire's 
beads 1 02 and 1 04. A radial direction (orientation) is in- 55 
dicated by the arrow 1 30, and a lateral (or axial) direction 
(orientation) is indicated by arrows 132. 
[0006] The at least one ply 120 of the tire is at least 
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one layer of rubber-coated ply cords. Ply cords are typ- 
ically fornied of cotton, rayon, nylon, polyester or other 
man-made synthetic or textile cord which are capable 
of exhibiting permanent changes in physical properties 
upon application of load or heat, or of fiber glass, metal 
wire or the like, the physical properties of which are rel- 
atively non-changeable upon application of load or heat. 
Commonly-owned US-A- 4.654,253 (Brown, et al.; 
1987) and US-A-4.763.468 (Brown, et al.; 1988) dis- 
close high strength greige woven fabrics parttcularty 
suitable for use as a tire reinforcement component, 
wherein a cord may comprise at least two optimally 
drawn polymeric yarns. 

[0007] Generally, there are three basic types of pneu- 
matic tires -"bias", "bias/belted" and "radial" - each type 
essentially being defined by the orientation of the cords 
within the at least one ply (120). 

[0008] In the bias (or "cross-pty") tire, the cords of the 
reinforcing ply extend diagonally across the lire from 
bead-to-bead, typically at an angle of between 25 and 
40 degrees with respect to a centeriine of the tire. The 
cords run in opposite directions in each successive re- 
inforcing ply layer, resulting in a criss-cross pattern of 
cords. 

[0009] In the bias/belted tire, as in the bias tire, the 
cords extend diagonally across the tire, from bead-to- 
bead, typically at an angle of between 25 and 45 de- 
grees with respect to the centeriine of the tire, and the 
cords run in opposite directions in each successive ply. 
A cord-reinforced "belt" structure is disposed in the tread 
portion of the lire, and the belt cords typically have an 
angle of between 20 and 35 degrees with respect to the 
equatorial plane of the tire. 

[0010] In the radial tire, the plies of reinforcing cords 
are parallel and extend transversely from bead-to-bead. 
That is. the parallel cords are substantially perpendicu- 
lar to the direction of tire travel. 

[0011] A cord-reinforced belt structure is disposed in 
the tread portion of the tire, and is composed of several 
layers of cords disposed neariy parallel (10 to 30 de- 
grees) to the circumference of the tire. The belt structure 
acts to restrict the reinforcing plies. Increased sidewall 
bulging is characteristic of radial tires. 

TIRE MANUFACTURING PROCESS 

[0012] As is disclosed in commonly-owned EP-A- 0 
522 468 (published 13.02.93), in a typical tire manufac- 
turing process, an inner liner is disposed on a generally 
cylindrical tire building drum (or mandrel). At least one 
carcass reinforcing member ("ply", compare 120) is dis- 
posed over the inner liner Next, bead rings (compare 
102, 104) are disposed over the reinforcing ply, and 
apex rubber (compare 122, 124) is applied over the 
beads. Next, a turn-up bladder or the like, such as is 
disclosed in US-A-5,407,521 (Falvard; 1995), is activat- 
ed to turn-up the two opposite end portions (compare 
120b, 120c) of the ply (and. optionally, the inner liner) 
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around the bead rings. Next, sidewall rubber is added, 
and the resurting tire "carcass" is shap d into what is 
generally Its ultimate toroidal form. Tread rubber and, 
optionally, belts or breakers and chafers, nnay then be 
added to the construction, and the resulting "green" tire 
can be inserted into a nnold wherein it is heated for a 
period of time (e.g., approximately 1 0-30 minutes) at an 
elevated temperature (e.g., at least approximately 120 
degrees Celsius, such as approximately 150 degrees 
Celsius) to "cure" or Vulcanize" the rubber components 
of the green tire. During the molding process, tread pat- 
terns are typically impressed into the tread rubber, and 
designs, lettehng and the like may be formed in the side- 
wall rubber of the tire. In some cases, tires are retained 
in the mold until they have become substantially cooled 
down. More often, tires are removed from the mold with- 
out a cooling period, and are allowed to cool down (e. 
g.. to ambient temperature) outside of the mold. Rubber 
is a poor conductor of heal and the thick tread portion 
of the tires continue to vuteanize for a period after re- 
moval from the molds. 

UNIFORMITY CHARACTERISTICS 

[0013] After a tire is assembled and at least partially 
cured, the tire is typically tested for one or more uniform- 
ity characteristics. "Uniformity" is defined herein as what 
a "perfect" or "ideal" tire would yield for a certain meas- 
ured characteristic when tested during rotation. "Uni- 
formity characteristic" is defined herein as a deviation in 
those certain characteristics from what the perfect tire 
would yield during testing. 

[001 4] As is evident, the pneumatic tire is a somewhat 
complicated construction of various materials which is 
difficult to manufacture with perfect consistency, from 
tire-to-tire, inconsistencies in materials, in the place- 
ment of the materials on the building drum, and other 
process variables will contribute to both dimensional 
and dynamic variations, from tire-to-tire. 
[0015] Generally, a dimensional non-unifonmity is a 
deviation from perfect roundness of the outer circumfer- 
ence of the tire (aitemativeiy, the outer circumference of 
the tire being round, but off-center with respect to the 
tire's axis of rotation), and a dynamic non-uniformity is 
a condition which manifests itself in the tire's ability to 
react forces at different orientations of the tire. 
[0016] Sources of such tire non-uniformities may in- 
clude one or more of the following: 

a. The tread, sidewall and inneriiner are stored on 
long rolls in the "green" state and are assembled 
into a tire in the green state. While in the green state, 
during storage and tire building, rubber can deform. 
Therefore, the gr en rubber tire components may 
not remain uniformly thick before curing. 

b. The beads may deform non-unifonnly, since they 
incorporate a gr en rubb r matrix and are held in 
position by a defomnable green rubber matrix. 



c. Before curing, th position of the ply within the 
tire is fixedly held by the surrounding green rubber. 
If the green rubber deforms, th ply's position may 
be displaced. 

5 d. Where the ply is spliced (overlapped on the build 
druni). it is doubled over itself, and stiffer than the 
remainder of the ply. 

e. The ply cords may not be laid onto the building 
drum with unifomi straightness and tension, and the 

10 two beads may not be positioned perfectly parallel 
(relative to each other) over the ply on the building 
drum. 

f. In the mold, cord shrinkage and carcass inflation 
may cause the cords to slip around the beads, but 

15 spliced portion(s) of the ply may tend to slip less 
than unspliced portion(s). 

g. If the belt and tread are not positioned symmet- 
rically over the green carcass, the green tire, and 
hence the cured tire, will not be uniform. The nom- 

20 inally cylindrical belt package may also be some- 
what conical. 

h. If the green tire is not positioned symmetrically 
within the mold, the cured tire will not be uniform. 

i. In the mold, the inflated bladdcrtcnsions (stretch- 
es es) the ply outward, and the ply's nylon or polyester 

fibers shrink when heated, thus tensioning the pty 
further Under tension, the ply slips around the 
bead, possibly to a different extent at different loca- 
tions around the bead, and a splice slips around the 
30 bead least. 

j. In the mold, the rubber can "lock up" (stiffen cur- 
ing) around the ply at different times at different lo- 
cations, thus causing nonuniform ply stress. 

35 TIRE UNIFORMITY MEASUREMENT 

[0017] The degree of dimensional and/or dynamic 
uniformity in a tire may manifest itself in the tire's ability 
to run smoothly and vibration free, as well as in the "han- 

40 dling" of the tire. Therefore, after a tire is manufactured, 
and before it is sold, it is typically tested for tire uniformity 
characteristics. A variety of tire uniformity measuring 
(testing) machines (apparatuses) are known and are de- 
scribed, for example, in US-A- 4,171.641, 4,458,526, 

45 5.022,186 and US-A- 5.103.669. 

[0018] A typical tire uniformity testing process, and 
representative results obtaining therefrom, are present- 
ed in US-A- 5,365781 (Rhyne; 1994; hereinafter re- 
ferred to as the *781 Patent), see also related US-A- 

50 5,616.859 and 5.458.176, 

[0019] As described in the '781 Patent, an initial force 
variation of an uncorrected tire, as tested, may bo graph- 
ically illustrated to represent corresponding electrical 
signals from a tire uniformity tester. The force variation 

55 as a function of circumferential position on the tire, as 
represented by a waveform, may be decomposed into 
a series of desired harmonic waveforms. The hanmonic 
waveforms are determined in a comput r by a Fourier 
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analysis of the radial force variation waveform sensed 
during rotation of the tire on the tire unifonmrty tester. 
The analysis and wavefonms are stored in the computer 
and referenced to a particular tire. US-A-3739.533 also 
describes known techniques for measuring lateral and/ 
or radial force variations in a pneumatic tire, 
[0020] Figure 2A is a graph illustrating a "conrtposite" 
waveform (force variation curve) 202 such as may be 
generated by a tire uniformity tester (not shown), for a 
particular tire mot shown) being tested. The horizontal 
axis represents the circumferential position (from 0 to 
360 degrees) on the tire being tested. The vertical axis 
represents ihe amplitude of a measured radial force var- 
iation, in any suitable units such as decaNewtons (daN). 
The composite wavefomn 202 is representative of the 
"raw" data irom the lire unifomnity tester and, as is evi- 
dent, there is a variation in radial force as a relatively 
complex function of circumferential position on the lire. 
The composile waveform 202 can, in a computer (not 
shown) be decomposed into a series of any desired 
number of 'harmonic" waveforms by employing a Fou- 
rier analysis o' the cDmoositc waveform. 
[0021] Figure 23 IS •! graoh similar to the graph of Fig- 
ure 2A, and illjsiMlcs a first (1st), a second (2nd) and 
a third (3rd) harmonic of the composite waveform 202 
of Figure 2A. The firs! harmortc waveform comprises a 
single sine wave (between 0 and 360 degrees), the sec- 
ond harmonic wavoform comprises two sine waves (be- 
tween 0 and 360 dof;r ors) the third harmonic waveform 
comprises three sine waves (between 0 and 360 de- 
grees) and. generally tnc "Nth" harmonic" comprises N 
sine waves between 0 and 360 degrees. Together these 
constituent hanmonic w-ivcs weighted by their respec- 
tive amplitudes. suDsi-mtiatly constitute the original 
composite measured w^vcfom^l when added together. 
[0022] Returning to F gurc 2A. a low amplitude on the 
composite wavefonm 202 represents a "soft spot' on the 
tire. Two such soft soots 210 and 212 are identified on 
the wavefonm 202 Simila-ty. a high amplitude on the 
composite wavefonm 202 represents a "hard spot* on 
the tire. One such hard spot 214 is identified on the 
waveform 202. A pcak-lo-pcak magnitude between the 
soft spots and the hard spot(s) is indicative of a uniform- 
ity characteristic ol ii-c lire and may be used as an input 
parameter for tire uniformly correction, which is dis- 
cussed in greater dctait heron below. For example, as 
shown in Figure 2A there approximately a 7 daN 
peak-to-peak variation between the soft spot 210 and 
the hard spot 214 S miiar high and low amplitude force 
measurements are evident on the hannonic waves illus- 
trated in Figure 2B arc similarly indicative of tire uni- 
formity charactorisiicc ;ind may also be used as input 
parameters for tiro uniformly correction. 
[0023] Generally, i' the uniformity characteristic of the 
tire has a magnitude which is loss than a predetermined 
relatively low minimum threshold magnitude, which is 
deemed not to be detrimental to a vehicle ride or pro- 
duce undesirable vibrations in the vehicle, the tire may 



be shipped to a customer. If the uniformity characteristic 
magnitude is greater than a predetemnined relatively 
high maximum threshold magnitude, the tire may be 
scrapped. If the unifonmity characteristic magnitude is 

5 between the relatively low minimum threshold magni- 
tude and the relatively high maximum threshold magni- 
tude, the tire may be suitable for correction. 
[0024] Various analytical methods may be employed 
to determine whether the tire needs to be (and can be) 

10 "corrected" - in other words, its uniformity improved - 
based on determinations of: 

a. the peak-to-peak value of the harmonic wave- 
form or of the composite waveform (as discussed 

'5 herein above with respect to Figures 2A and 2B): 

b. the first and second derivatives of radial and lat- 
eral waveforms (force variation curves), as com- 
pared with predetermined specifications (thresh- 
olds) (see, e.g.. US-A- 5,639,962): or 

20 c. the mean or root-mean-square of a low-band fil- 
tered variation function (see. e.g., US-A- 
4.702.103). 

TIRE UNIFORMITY CORRECTION 

25 

[0025] Techniques for correcting tire uniformity can be 
grouped into two general categories - "grinding", and 
"without grinding". 

[0026] Grinding techniques typically involve grinding 
30 of tread rubber about the outer circumference of the tire 
at a selected location and up to 180 degrees about the 
outer circumference of the tire. Grinding of the tire can 
contaminate a tire plant environment, reduce the useful 
tread life of the tire or may render the tire visually unap- 
35 pealing. Examples of grinding techniques and method- 
ologies may be found in US-A- 3,739,533, 3,848,368, 
3.946.527. 4.736.546, 4.173.850, 4.536,054. 
4.458.451. 4.458.451, 4.095,374. 5.022.186. 
3.848.368. 3.880.556, 3,948,004. and WO-A- 
40 98/05937. 

[0027] A number of techniques for correcting (e.g.. im- 
proving, altering) tire uniformity without grinding are 
known, as follows. 

[0028] US-A- 2,963,737 (Soderquist: 1960) discloses 
-^5 a machine for lire manufacture (post inflation). A method 
is described for preventing ply shrinkage and conse- 
quent tire distortion and cracked tread rubber in tires 
with nylon and synthetic plies. After vulcanizing at 
31 5-350 degrees Fahrenheit, the tire is rimmed up at its 
so beads (not supported by its tread to avoid distortion) and 
post-inflated at 50-60 psi while rotating (to avoid uneven 
cooling) at 1 0-20 rpm and being sprayed until it cools to 
200 degrees Fahrenheit. 

[0029] US-A- 3,039,839 (Waters, et al.; 1 962) disclos- 
55 es a method of making tires, and addresses issues of 
tir shrinkage and distortion caused by shrinkage of ny- 
lon ply cords when removed from a mold without first 
being allowed to cool. As mentioned therein, when nylon 
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cord tires are removed hot from th mold, th nylon cord 
in the tire plies tends to shrink and distort the tire from 
its molded shape. It is disclosed in this patent to narrow 
the bead set (bead spacing when on atire building drum) 
to stretch the cords during molding. Then, upon removal 
of the hot tire from the mold, the tire is promptly mounted 
on an inflating rim, and retained inflated until it cools to 
below the nylon cord's shrinkage temperature of about 
200 degrees Fahrenheit. This overcomes the objection- 
able shrinkage of cords in the tires, and an objectionable 
tiro growth when the tires are run in service. 
[0030] US-A- 3.389,193 (Hughes; 1968) discloses 
method and apparatus for shaping a deformed tire. The 
itrc IS hoalod in an oven to about 135 degrees Fahren- 
heit and IS then passed to a "tire shaping machine" 
where the jnnllaied tire is supported vertically on its 
ifCrtd by circumfcrentially spaced rollers (from below). 
Four Idler pressure rollers (from above) apply pressure 
in ri direction to Crtuse the tread to buckle inwardly while 
rolriting 

100311 US A- 3 464.264 (French; 1969) discloses a 
prcumaiic lire run-tn machine for removing temporary 
Ciising cistoriions including flat spots. The tire is inflat- 
ed cucpcndcd .nd rotated within a plurality of rollers 
rtrrangod a'ound r» circle with at least one of the rollers 
drtvirg the liro Tho small diameter of the rollers increas- 
es tire d slcrtion ^nd generates a large amount of heat, 
wiihou! reqjimg r\n external heating apparatus. 
[0032J US-A- 3 fiP^ 048 (Kovac, et al.; 1 968) disclos- 
es H method for processing of pneumatic tires wherein 
a lire IS condttionod rtflor being removed from the vut- 
cani/ing mold and txifore cooling to ambient tempera- 
ture by applying a load, such as a radial load, to the tire 
tread while the lire is inflated and at the same time rel- 
atively movtng the load along the tire, such as by rotating 
the tire, to cause dolloction (alternate stressing and re- 
lieving of lire cords) along successive circumferential in- 
crements, all around the circumference of the tire. The 
conditioning steps are begun as quickly as possible, not 
more than within a few minutes, after the tire is removed 
from the mold, and the lire is conditioned for a time pe- 
riod of from one to two times the duration of the vulcan- 
izing mold cycle, and the inflation pressure of the tire 
during conditioning is preferably of the general order of 
the service pressure of the tire. The exterior load on the 
tire being conditioned may be a radially inwardly direct- 
ed radial load applied to the outside circumference of 
the tire. Alternatively, the exterior load may be a lateral 
load against the sidewall of the tire. Alternatively, the ex- 
terior load may be an oblique load (having radial and 
lateral force components) against the tire tread, shoul- 
der or sidewall. The conditioning steps help obtain a 
more uniform tension in the tire cords while the curing 
or vulcanizing process continues while the hot tire is be- 
ing cooled after removal from the mold. As noted in the 
patent, it is believed that the tire conditioning process 
may have one or more of the following actions on the 
hot tire for improving the uniformity of the tire. 



[0033] "First, the aforementioned tire cords [cotton, 
rayon, nylon, polyester, or other man-made synthetic or 
textile cord] capable of exhibiting permanent changes 
in physical properties upon application of load and heat 

5 are altematively stretched by the load and relaxed while 
hot to make generally unifomn the stress in the fibers 
thereof .... Second, any of the separate plies or belt of 
the tire cords in the tire may move relative either to the 
other plies or belt or to the surrounding rubber to make 

10 uniform the stresses therebetween. Third, different por- 
tions of any kind of tire cord in any belt or ply may move 
relative to each other or to portions of surrounding rub- 
ber to make generally uniform the stresses in the cord 
in the tire even though the cord does not penmanently 

15 change its physical characteristics." (column 2, line 72 
through column 3, line 18). 

[0034] US-A- 3,632,701 (DevlH, et al.; 1972) disclos- 
es conditioning of tires to improve uniformity. Excessive 
radial force variations in a lire can be reduced by heating 

20 all or part of a tire while supported vertically and posi- 
tioned so that the area of maximum force is located in 
the top quadrant of the tire. A suitable source such as a 
pot heater, rubber kiln or infrared heat may be used for 
heating. An elevated temperature (e.g., 150-280 de- 

25 grees Fahrenheit) is maintained for a period of time (e. 
g.. 60 minutes) while the tire is inflated to a pressure of 
0-50 psi. The technique is applicable to neariy all types 
of tires including radial, belted bias, and bias tires con- 
taining rayon, nylon or polyester cords. 

30 [0035] US-A- 3.635.61 0 (Hall, et al.: 1 972) discloses 
a tire conditioning apparatus for removing flat spots and 
other surface irregularities from tires preliminary to re- 
capping ortruing them. Stress-producing conditions, in- 
cluding varying rates of cure applied after initial curing 

35 in the mold, the weight of a vehicle at rest, and the weight 
of tires pressing against other tires in a stack of tires, 
may cause flat spots and surface irregularities, in the 
tires. An uninflated tire is rotated, heated, and pressed 
by a pressure roll assembly which has for its function 

^0 flexing the tire and kneading it to work out the flat spots 
and surface irregularities in the tire. 
[0036] US-A- 3,725,163 (Hofelt, Jr.; 1973) discloses 
a method of improving pertonnance characteristics of 
pneumatic tires. Radial and lateral force variations are 

•^5 reduced by applying a small amount of material to por- 
tions of the tread area. This patent describes an exem- 
plary apparatus for measuring these force variations 
and is exemplary of a number of patents involving the 
addition of material to a tire to improve a uniformity char- 
ge acteristic thereof. 

[0037] US-A- 3,838,142 (Hochstein; 1974) discloses 
a procedure for correcting radial force variation in pneu- 
matic tires using ionizing radiation of high energy elec- 
trons. A load drum is forced at normal operating load 

55 against the tread surface of an inflated rotating tire, and 
a force transducer measures the magnitude of force 
against the drum. The radiation source irradiates sec- 
tions of the tread body and/or sidewalis which exert low 
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fore to increase their ply modulus of elasticity in those 
sections. The irradiation is done concurrently with the 
measuring. 

[0038] US-A- 3,865,527 (McGhee. et aL; 1975) dis- 
closes tire conditioning and truing apparatus which 
"conditions" a tire to remove flat spots by heating its 
side walls while it is un inflated and rotating. See also re- 
lated US-A- 3,945,277 (McGhee, et aL; 1976). 
[0039] US-A- 3,872.208 (Brown, et al.; 1 975) disclos- 
es corrective heating of pneumatic tires. Radial force 
variation of a cured tire are reduced by selectively heat- 
ing the innerliner {from inside the tire) in an area adja- 
cent to excessive radial force variation for a predeter- 
mined time or to reach a predetermined temperature 
(typically 225-240 degrees Fahrenheit). The tire mount- 
ed on a support ftange (not a rim) by its bead, is unin- 
flated, and is positioned vertically with the heated por- 
tion positioned upward. See also related US-A- 
3,880.556 (Brown, et al.; 1975). 

[0040] US-A- 4.420,453 (Doi, et. al.; 1984) discloses 
apparatus for measuring tire uniformity. A tire is re- 
moved from the mold, held uninf lated until it cools to 1 49 
degrees Celsius, and then post inflated until cooled to 
below 90 degrees Celsius, while being supported solely 
by its bead edges. This allows the cord modulus to in- 
crease dramatically before inflating, and reduces the 
tendency for sidewall waviness as compared with a tire 
which is post-inflated immediately after molding 
[0041] US-A- 5.060,51 0(Rosseau; 1991) discloses a 
method of correcting variations in radial force between 
a tire and the ground. The correction is effected by 
means of wedges in the form of circular rings placed be- 
tween the mounting rim and the beads of the tire. The 
thickness of the wedge, at various positions around the 
tire, is related to the measure of force variation. 
[0042] US-A- 5,365,781 (Rhyne; 1994; '781 Patent) 
discloses tire unifomnity correction without grinding. A 
tire is tested for unifomilty and an electrical signal is gen- 
erated, as described herein above. Then, tireunifonnity 
is corrected by stretching at least a portion of at least 
one carcass reinforcing member beyond its elastic limit 
for a predetemnined time, thereby permanently deform- 
ing the at least one, and preferably many, carcass rein- 
forcing members, either by inflating the tire to a signifi- 
cantly raised pressure or by mechanical means. The 
stretching results in a pemnanent lengthening (elonga- 
tion) of the carcass reinforcing member by a predeter- 
mined amount in the range of 0.1 to 2 or 3 percent and 
at a location which are a function of the measured uni- 
fomnity characteristic. The techniques are generally ap- 
plicable to correcting a uniformity characteristic in a 
cured tire. As noted in the '781 Patent, materials of the 
carcass reinforcing member(s) such as nylon and poly- 
ester are readily adaptable to correction by the present 
invention. Materials such as steel, Kevlar (tm) and rayon 
are not as easily permanently elongated and may re- 
quire higher pressure or longer hold time. Selected ones 
of the techniques for unifomriity correction set forth in 



the '781 Patent are discussed herein below with respect 
to Figures 3, 3A, 4, 5 and 6. 

[0043] Figures 3A and 3B (comparable to FIG. 8 and 
FIG. 9. respectively, of the '781 patent) illustrate a tire 
5 being corrected for unifonnity, according to a technique 
such as is described in the '781 Patent. 
[0044] The tire 300 (compare 1 00) includes a pair of 
annular, inextensible beads 302 and 304 (compare 1 02 
and 104), each of which is disposed within a respective 
10 bead portion 306 and 308 (compare 1 06 and 1 08) of the 
tire 300, and includes a generally cylindrical tread por- 
tion 310 (compare 110), (optionally) a belt structure 
(*'belts") 312 (compare 112) disposed within the tread 
portion 310, and sidewall portions 314 and 316 (com- 

'5 pare 114 and 116) extending between opposite sides 
310a and 310b (compare 110a and 110b) of the tread 
portion 310 and respective ones of the beads 302 and 
304. The tire 300 has a section height SH. an equatorial 
plane EP and an axis of rotation A. An inner liner (not 

20 shown) is disposed on the inner surface 318 of the tire 
300. The tire has an outer surface 319. 
[0045] At least one carcass reinforcing member 320 
(or "ply", compare 1 20) extends between the two beads 
302 and 304, through the carcass of the tire. The car- 

^5 cass reinforcing member 320 has a central portion 320a 
(compare 120a) which is disposed between the two 
beads 302 and 304. and has two opposite end portions 
("turn-up" ends) 320b and 320c (compare 120b and 
1 20c). which wrap around a respective one of the beads 

30 302 and 304 and extend radially back towards the tread 
portion 310 of the tire 300. The tire 300 may further in- 
clude bead filler apexes (not shown, compare 122 and 
124) disposed atop respective ones of the beads 302 
and 304 and extending radially outwardly therefrom. 

35 [0046] In a tire which has cooled down after being 
molded, the turn-up ends 320b and 320c are, for pur- 
poses of this discussion of a tire unifonTiity correction 
technique, essentially "attached" to a respective one of 
the beads 302 and 304 and, as will be described in 

-^0 greater detail herein below, the central portion 320a of 
the carcass reinforcing member 320 is essentially ""at- 
tached" to the belt structure 312. 
[0047] Relevant portions of a tire unifomnity correction 
machine (apparatus) are shown and described, as fol- 
lows, as well as a technique for performing uniformity 
correction. 

[0048] The tire 300 is mounted to a rim-like structure 
comprising two rim halves 322 and 324. The bead por- 
tions 306 and 308 engage the rim halves 322 and 324 

50 in an airtight manner so that the tire 300 can be inflated. 
[0049] Restraint rings 332 and 334 engage sidewalls 
314 and 31 6, respectively, of a tire 300 with different ax- 
ial displacements D1 and D2, respectively, to impart a 
different radius of curvature R1 and R2, respectively, to 

55 portions of the carcass reinforcing member 320 (best 
viewed in Figure 3A) in each of the sidewalls, approxi- 
mately halfway between a respective bead and the belt 
structure 312. As best viewed in Figure 3B, the restraint 
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ring 332 deflects the sidewall 314 of the tir 300 from 
an undeflected configuration (shown in dashed lines) 
axtally inwardly (towards the opposite sidewall of the 
tire). The sidewall-contacting surfaces of the restraint 
rings 332 and 334 may be rounded to avoid sharp edges 
being In contact with the sidewalls 31 4 and 316, respec- 
tively, of the tire 300. Each restraint ring 332 and 334 
has a radial length of engagement LE1 (best viewed in 
Figure 3B) with the sidewall 314 of the tire 300 which is 
a relatively small percentage (I.e. less than 25%) of the 
section height SH of the tire 300. The restraint rings 332 
and 334 may each preferably have a flat or planar sur- 
face 332a and 334a, respectively, urging against a re- 
spective sidewall 314 and 31 6 of the tire 300, for use in 
correction of a first harmonic or composite of radial force 
variation or in correction of conicity. 
[0050] With the restraint rings 332 and 334 fixed In 
place and with the sidewalls 314 and 316 deflected, as 
shown, the tire 300 is inflated with a relatively high in- 
flation pressure (INFLATION PRESSURE), such as 1 00 
pounds per square inch (psi) or 7 bars. This will create 
a load in the carcass reinforcing member 320 thereby 
str tching beyond its elastic limit and permanently de- 
forming the carcass reinforcing member 320 by an 
amount and at a location which are functions of the 
measured uniformity characteristic, resulting in a per- 
manent lengthening (elongation) of the carcass reinforc- 
ing member to thereby correct (improve) the unifomnity 
characteristic of the tire 300. A belt restraint ring 336 
(omitted from the view of Figure 3B) may be optionally 
provided in contact with the tread portion 310 to coun- 
teract the relatively high inflation pressures so that the 
belt structure 312 is not excessively expanded in the cir- 
cumferential direction. 

[0051] As best viewed in Figure 3B, the carcass rein- 
forcing member 320 has an upper end point 320d at 
which load In the carcass reinforcing member is trans- 
mitted to the belt structure 312 of the tire 300, and has 
a lower end point 320e in the area of the bead 302, at 
which load in the carcass reinforcing member 320 is 
transmitted to the bead 302 of the tire 300. The radius 
of curvature R2 in a maximally restrained portion of the 
tire 300 corresponding to displacement D2 is significant- 
ly less than radius of curvature R1 in the minimally re- 
strained portion of the tire corresponding to displace- 
ment Dl. Different radii of curvature provide different 
tension values in respective carcass reinforcing mem- 
bers (320). 

[0052] As best viewed in Figure 3A, with the restraint 
rings 332 and 334 in place and with the relatively high 
inflation pressure acting upon the sidewalls 31 4 and 31 6 
of the tire 300, it is apparent that the original or unre- 
strain d radius of curvature R1 of the carcass reinforc- 
ing m mber 320 has changed and becomes a relatively 
small r radius of curvature R2. (The larger radius of cur- 
vature R1 occurs at locations of minimum restraint 
around the tire 300 with a planar surface restraint ring.) 
Physically, the smaller radius R2 of portion of the car- 



cass reinforcing member, when the interior of the tire 
300 is subjected to the relativ ly high inflation pr ssure, 
will not be penmanently elongated the same amount as 
the unrestrained portion of the carcass reinforcing mem- 

5 ber 320 having the relatively larger radius of curvature 
R1 . Generally, for a given inflation pressure, a larger ra- 
dius of curvature of a portion of the carcass reinforcing 
member results in a relatively higher tension acting on 
that portion of the carcass reinforcing member. The 

10 higher tension in portions of the carcass reinforcing 
member 320 generally results in a relatively greater 
elongation above the elastic limit of the carcass reinforc- 
ing member 320 which results in its permanent elonga- 
tion. 

15 [0053] The '781 Patent discloses a number of varia- 
tions on and applications for the technique and appara- 
tus described herein above, some of which are de- 
scribed herein below with respect to Figures 4, 5 and 6. 
For example, when the first harmonic radial force vari- 

20 ation is caused by tire attributes other than radial runout, 
it may be necessary to introduce a radial runout to re- 
duce the magnitude of the first harmonic radial force var- 
iation. For example, rather than having a flat planar sur- 
face 332a on the restraint ring (e.g., 332), the restraint 

25 ring may have a cupped segment extending, for exam- 
ple, over a 90 degree arc length of the restraint ring so 
as to provide nonlinear restraint to the sidewall of the 
tire. 

[0054] Figure 4 (comparable to FIG. 15 of the '781 

30 Patent) illustrates a tire being corrected for unifonnity, 
according to a technique such as is described in the '781 
Patent. This technique is generally similar to the tech- 
nique described with respect to Figures 3A and 38. A 
tire 400 is essenliatty identical to the tire 300 in that it 

35 has a tread portion 410 (compare 310), a bead 402 
(compare 302) in a bead portion 406 (compare 306), 
(optionally) a belt structure 412 (compare 312) in the 
tread portion 410, a sidewall 414 (compare 314), an in- 
ner surface 418. and an outer surface 41 9. 

-^0 [0055] At least one carcass reinforcing member 420 
(compare 320) extends between the two beads of the 
tire 400. only one 402 of which is visible in Figure 4, 
through the carcass of the tire, and has a central portion 
420a (compare 320a) and two opposite end portions 

^5 ("tum-up" ends), one 420b of which is visible in Figure 
4, which wrap around a respective one of the beads 402 
and extend radially back towards the tread portion 410 
of the tire 400. For purposes of this discussion, the tire 
400 IS assumed to already have cooled down after being 

50 molded, in which case the carcass reinforcing member 
420 has an upper end point 420d (compare 320d) at 
which load in the carcass reinforcing member is trans- 
mitted to the belt structure 412 of the tire 400, and has 
a lower end point 420e (compare 320e) in the area of 

55 the bead 402, at which load in the carcass reinforcing 
member 420 is transmitted to the bead 302 of the tire 
400. 

[0056] The tire 400 is mounted to a rim-like structure 
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comprising two rim halves, a one 422 (compare 322) of 
which is visible in Figure 4, A restraining ring 432 (conrv 
pare 332) having a flat surface 432a (compare 332a) is 
urged against the sidewall 414 of the tire 400. and has 
a radial length of engagement LE2 {compare LE 1 ) which 
is a relatively large (e.g., greater than 25%) percentage 
of the section height (SH) of the tire 400, resulting in a 
radius of curvature R3 which is less than the initial (un- 
restrained) radius of curvature R1 . In a manner similar 
to the technique described herein above with respect to 
Figures 3A and 3B, an elevated air pressure (AIR 
PRESSURE) within the tire 400 provides the motive 
force for stretching the carcass reinforcing member 420 
beyond its elastic limit, resulting in its permanent elon- 
gation. 

[0057] Figure 5 (comparable to FIG. 11 of the '781 
Patent) illustrates a portion of a carcass reinforcing 
member 520 (compare 420) of a tire (not shown, com- 
pare 400) being correcled for uniformity. As in the pre- 
vious examples, the carcass reinforcing member 520 
(compare 420) has an upper end point 520d (compare 
420d) which is essentially "attached" to the belt structure 
(not shown), and a lower end point 520e (compare 
420c) which is essentially "attached" to one of the beads 
(not shown) of the tire. 

[0058] In this example, a sidewall of the tire, hence 
the carcass reinforcing member 520, is restrained at two 
radially-separated locations, one location 542 being 
near the tire's belt (and adjacent the point 520d) the oth- 
er location 544 being near the tire's bead (and adjacent 
the point 520e). This dual-location restraint is effectuat- 
ed by a restraint device 530 comprising two portions 532 
and 534 that contact the sidewall of the tire at the two 
radially separated locations 542 and 544» respectively. 
[0059] The two portions 532 and 534 of the restraint 
device 530 are spaced apart from one another. There- 
fore, the sidewall of the tire has an unrestrained length 
"UL" which will be deflected by the inflation pressure (IN- 
FLATION PRESSURE) during correcting. The restraint 
device 530 allows the carcass reinforcing member 520 
to have a deflection and a radius of curvature R4 which 
is smaller than the initial unrestrained radius of curva- 
ture R1 undertheinfluenceof the inflation pressure. The 
carcass reinforcing member 520 is shown as a dashed 
line 520' prior to inflation, and as a solid line after infla- 
tion. 

[0060] The restraint device 530 may be si^ed so thai 
the unrestrained length UL varies circumferentially 
around the tire. In this manner, the carcass reinforcing 
member(s) 520 may be permanently elongated during 
inflation a greater amount where the unrestrained length 
UL has a larger dimension. 

[0061] Figure 6 (comparable to FIG. 17 of the '781 
Patent) illustrates a tire being corrected for uniformity, 
according to a technique such as is described in the '781 
Patent. This technique differs from the techniques de- 
scribed herein above with respect to Figures 3. 3A, 4 
and 5 in that the carcass reinforcing member 620 (com- 



pare 520) is stretched by mechanical means ratherthan 
by restraining the sidewall(s) of the tire and inflating the 
tire to a significantly raised pressure. Nevertheless, the 
stretching results in a comparable penmanent lengthen- 

5 ing (elongation) of the carcass reinforcing member 620. 
[0062] The tire 600 is essentially identical to the tire 
400 in that it has a tread portion 610 (compare 410), a 
bead 602 (compare 402) in a bead portion 606 (compare 
406), (optionally) a belt structure 612 (compare 412) in 

10 the tread portion 610, a sidewall 614 (compare 41 4), an 
inner surface 61 8, and an outer surface 619. 
[0063] At least one reinforcing (or "carcass") ply 620 
(compare 420) extends between the two beads of the 
tire 600, only one 602 of which is visible in Figure 6. For 

^5 purposes of this discussion, the tire 600 is assumed to 
already have cooled down after being molded and, as 
in the previous examples, the carcass reinforcing mem- 
ber 620 has an upper end point 620d (compare 420d) 
which is essentially "attached" to the belt structure 612, 

20 and a lower end point 620e (compare 420e) which is 
essentially "attached" to one 602 of the beads of the tire 
600. 

[0064] A mechanical means 630 for stretching and 
permanently elongating the carcass reinforcing member 
620 comprises the following elements: 

a. elements 632 and 634 (compare 422) which hold 
the bead portion 606 of the tire 600: 

b. an element 636 which holds the tread portion 610 
30 of the tire 600: and 

c. an element 638 which pushes axially outwardly 
on the sidewall 614 of the tire 600. 

[0065] The tire 600 is shown with the element 638 

■35 stretching the sidewall 614 of the tire 600 axially out- 
wardly to elongate and pennanently defonn the carcass 
reinforcing member as discussed herein above. The 
pre-stretched carcass reinforcing member 620 is illus- 
trated by the dashed line 620'. The force applied by the 
element 638 to the sidewall 61 4 of the tire 600. to deflect 
the sidewall 614 and stretch the carcass reinforcing 
member 620. is directed parallel to the axis of rotation 
of the tire at a position on the inside surface of the side- 
wall 614 which is approximately halfway between the 

'*5 bead 602 and the belt structure 61 2. Therefore, the force 
is substantially "nomnar (e.g.. at 90 degrees) to the sur- 
face of the sidewall (or radial with respect to the curva- 
ture of the sidewall. as distinguished from radial with re- 
spect to the tire's axis of rotation). It is disclosed in the 

50 781 Patent (see, e.g. FIG. 19 and related discussion 
therein) that, in an alternate embodiment of stretching 
the carcass reinforcing member by a mechanism, me- 
chanical stretching of the carcass reinforcing member 
beyond its elastic limit can be accomplished by radially 

55 (with respect to the tire's axis of rotation) stretching th 
carcass reinforcing member between its upper 620d 
and lower 620e attachment points, such as by moving 
the lower attachment point 620e radially inward and the 
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attachment point 620d radially outwand. It is also dis- 
closed in the '781 Patent that stretching the carcass re- 
inforcing nnennbers could be acconnplished by a combi- 
nation of mechanical stretching and by inflation pres- 
sure stretching. 

[0066] There have thus been described a number of 
techniques for con-ecting tire uniformity. Generally, in all 
of the techniques describe herein above with respect to 
Figures 3A, 3B, 4, 5 and 6, tire unif omnity correction may 
be achieved only by stretching a carcass reinforcing 
member (e.g., the cords of the ply) beyond its elastic 
limit, thereby pemnanently defomiing and elongating the 
carcass reinforcing member This may reduce the ply's 
strength, fatigue resistance, and adhesion to the rubber. 
Also, the forces required to pemnanently defomi the car- 
cass reinforcing members, whether applied by pressure 
or by mechanical devices, will exert tremendous stress 
on the beads. More generally, it should be appreciated 
thai it is generally undesirable to stretch an elastic mem- 
ber to the point where it pemnanently deforms, since this 
may adversely affect the elastic member's subsequent 
ability to exert and/or react forces - in other words, to 
act in an elastic mode in a predicable manner. (Consid- 
er, for example, the case of a stretched out elastic waist- 
band on a gannent.) In a worst case, the elastic member 
may be stretched to the point that it breaks, rendering it 
essentially useless. 

[0067] Another nuance of the stretching/deforming 
techniques described herein above with respect to Fig- 
ures 3A. 3B. 4, 5 and 6 is that the tire (e.g.. 300) must 
first be cooled down from the molding process sufficient- 
ly that the carcass reinforcing member (e.g., 320) is es- 
sentially attached at its ends (e.g., 320d and 320e) be- 
tween the belt (e.g., 312) and the bead (e.g., 302) and 
can be stretched and defomned between those two 
ends. 

[0068] Another nuance of the stretching/defonming 
techniques described herein above with respect to Fig- 
ures 3A. 3B, 4, 5 and 6 is that a tire which has been 
corrected in such a manner may be required to sit for a 
period of time ("sit period"), for example twenty four 
hours, sufficient to take into consideration any viscoe- 
lastic relaxation that occurred in the tire after con-ection, 
after which time period it may be necessary to re-test 
the tire for unifomriity. 

[0069] As mentioned above, cords of a carcass rein- 
forcing member (ply) may be made of a variety of ma- 
terials, including nylon, polyester steel, Kevlar (tm) and 
rayon. According to the '781 Patent, the stretch in g/de- 
fomning techniques disclosed therein are not as readily 
adaptable to correcting tires with steel (metal), Kevlar 
(tm) and rayon cords. 

[0070] What is therefore needed is a technique for tire 
unifomnity correction, without grinding, which does not 
permanently deform the cords of a carcass reinforcing 
member beyond their elastic limit, which can be utilized 
on tires having any of a variety of cord materials, which 
can possibly be performed on a "hot" tire (one which has 
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not completely cooled down from th molding process) 
and which does not require a "sit period". 

BRIEF DESCRIPTION OF THE INVENTION 

5 

[0071] It is an object of the present invention to pro- 
vide methods and apparatuses for correcting one or 
more unifonmity characteristics of a pneumatic tire by 
changing the tension characteristics of the tire under 
10 normal inflation. 

[0072] According to the invention, a method of man- 
ufacturing a pneumatic tire having a pair of spaced 
beads and a carcass reinforcement ply extending be- 
tween the beads for improving one or more tire uniform- 
's ity characteristics is disclosed. The method is charac- 
terized by the steps of: 

A) forming the carcass reinforcement ply of a plu- 
rality of reinforcement cords embedded in a matrix 

20 materia! that can be rendered plastic and rendered 
non-plastic, which, respectively, permits and re- 
stricts reorienting the reinforcement cords; 

B) rendering the material plastic, after the tire has 
been vulcanized, to permit one or more of the rcin- 

25 forcement cords to be reoriented; 

C) reorienting one or more reinforcement cords with 
respect to other reinforcement cords or tire compo- 
nents, without their being stretched beyond their 
elastic limits, to improve a tire uniformity character- 

30 istic: and 

D) rendering the matrix material non-plastic, to re- 
strict further reorientation of the reoriented rein- 
forcement cords. 

35 [0073] The method is further characterized by the 
step of selecting the matrix material of a thermoplastic 
having a deflection temperature of at least 121 degrees 
C and preferably between 121 degrees C and 190 de- 
grees C . The matrix matenat can be a thermoplastic with 

•*o a deflection temperature, and the step of rendering the 
matrix material plastic can includes the step of maintain- 
ing the matrix material to at least the deflection temper- 
ature, and the step of rending the matrix material non- 
plastic can include the step of cooling the matrix material 

^5 10 below the deflection temperature. The step of render- 
ing the matrix material plastic can include heating only 
selected portions of the tire loal least the deflection tem- 
perature to pemnit reorientation of selected reinforce- 
ment cords. The tire can be heated in a tire mold to at 

50 least the deflection temperature to pemnit reorientation 
of the reinforcement cords. Alternatively, the reorienting 
of the reinforcement cords can occur when the tire is still 
hot from the tire mold and above the deflection temper- 
ature, 

55 [0074] The method of reorienting the reinforcement 
cords includes reorienting the one or more reinforce- 
ment cords with respect to a component of the tire, such 
as slipping the reinforcement cords around a bead. 
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[0075] The method includes the step of applying a 
force, such as air pressure, for moving the portions of 
the reinforcement cords after removal from the tire mold. 
In addition, the method can include the step of applying 
a force to the tread of the tire after removal from the tire s 
mold. 

[0076] Also according to the invention , a tire compris- 
es a tread portion, a bead portion, a sidewall portion, 
and a carcass reinforcing ply formed with a plurality of 
r inforcement cords selected from the group comprising io 
Kevlar, steel, rayon, and nylon embedded in a matrix 
material that selectively permits and restricts reorienta- 
tion of the reinforcement cords relative to other materials 
or components of the tire. The reinforcement cords are 
reoriented to improve a tire unifomriity characteristic af- is 
ter the tire has been at least partially vulcanized without 
th reinforcement cords being pemnanently stretched 
beyond their elastic limit. The matrix material is a ther- 
moplastic material having a deflection temperature of at 
J ast 121 degrees C and preferably between 121 de- 20 
gr s C and 1 90 degrees C. 

[0077] Other objects, advantages and features of the 
invention will become apparent in light of the following 
descriptions thereof. 

25 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0078] Reference will be made in detail to preferred 
embodiments of the invention, examples of which may 
be illustrated in the accompanying drawing figures. The 3o 
figures are intended to be illustrative, not limiting. Al- 
though the invention is generally described in the con- 
text of these preferred embodiments, it should be un- 
derstood that it is not intended to limit the spirit and 
scope of the invention to these particular embodiments. 35 
[0079] Certain elements in selected ones of the draw- 
ings may be illustrated not-to-scale, for illustrative clar- 
ity. The cross-sectional views, if any, presented herein 
may be in the form of "slices", or "near-sighted" cross- 
sectional views, omitting certain background lines which -^o 
would othenvise be visible in a true cross-sectional view, 
for illustrative clarity. 

[0080] Elements ot the figures are typically numbered 
as follows. The most significant digits (hundreds) of the 
reference number corresponds to the figure number. El- 
ements of Figure 1 are typically numbered in the range 
of 1 00-1 99. Elements of Figure 2 are typically numbered 
i n the range of 200-299 . Similar elements throughout the 
drawings may be referred to by similar reference numer- 
als. For example, the element 199 in a figure may be so 
similar, and possibly identical to the element 299 in an- 
other figure. In some cases, similar (including identical) 
elements may be referred to with similar numbers in a 
single drawing. For example, each of a plurality of ele- 
ments 199 may be referred to individually as 199a, 55 
1 99b, 1 99c. etc. Such relationships, if any, between sim- 
ilar elements in the same or different figures will become 
apparent throughout the specification, including, if ap- 



plicable, in the claims and abstract. 
[0081] The stnjcture, operation, and advantages of 
the present preferred embodiment of the inv ntion will 
become further apparent upon consideration of the fol- 
lowing description taken in conjunction with the accom- 
panying drawings, wherein: 

Figure 1 A is a cross-sectional view of a pneumatic 
tire of the prior art; 

Figure 1 B is an enlarged view of a portion of the 
pneumatic tire of Figure 1 A; 
Figure 2A is a graph illustrating a "composite" wave- 
form such as may be generated by a tire unifomnity 
tester, for a tire being tested, according to the prior 
art; 

Figure 2B is a graph illustrating "harmonic" wave- 
forms of the composite waveform shown in Figure 
2A, according to the prior art; 
Figure 3A is a cross-sectional view of a lire being 
acted upon by a uniformity correction apparatus of 
the prior art; 

Figure 38 is a cross-sectional view of a portion of 
the tire of Figure 3A being acted upon by a uniform- 
ity correction apparatus of tho prior art; 
Figure 4 is a cross-sectional view of an altemate 
embodiment of a prior art technique for correcting 
tire uniformity; 

Figure 5 is a schematic representation of an alter- 
nate embodiment of a prior art technique for cor- 
recting tire uniformity; 

Figure 6 is a cross-sectional view of an altemate 
embodiment of a prior art technique for conrecting 
tire uniformity; 

Figure 7A is a cross-sectional view of a section of 
a tire having a ply cord reoriented to a more curva- 
ceous shape to correct tire uniformity characteris- 
tics after being partially cured, according to the in- 
vention: 

Figure 78 is a cross-sectional view of a partial sec- 
lion of the tire of Figure 7A showing a ply cord reo- 
riented to a less curvaceous shape to conrect the 
tire uniformity characteristics after being partially 
cured: 

Figure 8 is a cross-sectional view of a post cure uni- 
formity apparatus for correcting a uniformity char- 
acteristic of a tire, according to the invention. 

DEFINITIONS 

[0082] The following temis may be used throughout 
the descriptions presented herein and should generally 
be given tho following meaning unless contradicted or 
elaborated upon by other descriptions set forth herein. 
[0083] "Axial" and "axialiy" refers to directions that are 
on or are parallel to the tire's axis of rotation. 
[0084] "Bead" refers to that part of th tire comprising 
an annular, substantially inextensible tensile member, 
typically comprising a cable of steel filaments encased 
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in rubber material. 
[0085] "Belt structure" or "reinforcement belts" or "belt 
package" refers to at least two annular layers or plies of 
parallel cords, woven or unwoven, underlying the tread, 
unanchored to the bead, and having both left and right 
cord angles in the range from 18 to 30 degrees relative 
to the equatorial plane of the tire, 
[0086] "Circumferential" refers to circular lines or di- 
rections extending along the perimeter of the surface of 
the annular tread perpendicular to the axial direction; it 
can also refer to the direction of the sets of adjacent cir- 
cularcurves whose radii define the axial curvature of the 
tread, as viewed in cross section. 
[0087] "Contcity" refers to a dynamic non-uniformity 
which may exhibit itself as a tendency of a rotating tire 
to generate a lateral force regardless of the direction of 
rotation of the tire, and will manifest itself as a deviation 
from straight tracking of the tire. Conicity is typically ex- 
press d in terms of average lateral force generated dur- 
ing rotation in both directions of the tire. 
[0088] "Cord" refers to one of the reinforcement 
strands, including fibers or metal or fabric, with which 
the plies and belts are reinforced. 
[0089] "Dimensional non-uniformities" refers to asym- 
metries that are measurable when the tire is at rest (stat- 
ic). 

[0090] "Dynamic non-uniformities" refers to asym- 
metries in rigidity that are manifested essentially only 
when the tire is centrifugally stressed while rotating. 
[0091 ] "Equatorial plane" refers to a the plane perpen- 
dicular to the tire's axis of rotation and passing through 
the center of its tread, or midway between the tire's 
beads. 

[0092] "Inflation" refers to the tire cold inflation pres- 
sure required for specific loads and speed conditions. 
[0093] "Inner liner" refers to the layer or layers of elas- 
tomer or other material that form the inside surface of a 
tubeless tire and that contain the inflating gas or fluid 
within the tire. 

[0094] "Lateral" refers to directions parallel to the 
tire's axis of rotation. 

[0095] "Normal inflation pressure" refers to the spe- 
cific design inflation pressure at a specified load as- 
signed by the appropriate standards organization for the 
service condition for the tire. 

[0096] "Ply" refers to a cord-reinforced carcass rein- 
forcing member (layer) of rubber-coated radially de- 
ployed or otherwise parallel cords. 
[0097] "Pneumatic tire" refers to a laminated mechan- 
ical device of generally toroidal shape (usually an open- 
torus) having two beads, two sidewalls and a tread and 
made of rubber, chemicals, fabric and steel or other ma- 
terials. 

[0098] "Radial" and "radially" refers to directions per- 
pendicular to the tire's axis of rotation. 
[0099] "Radial force variation" refers to a dynamic 
non-U nifomriity, and may be exhibited by a change in the 
force that a tire under constant nomrial load (i.e., a load 
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that is perpendicular to the axis of the tire) exerts upon 
a smooth test surface, such as a roller, when the tire is 
rotated upon the test surface. 

[01 00] "Radial ply tire" and "radial tire" refers to a bett- 
5 ed or circumferentially-restricted pneumatic tire in which 
at least one ply has cords which extend from bead-to- 
bead are which are laid at cord angles at about a 90 
degree angle to the centerline of the tire. 
[0101] "Radial runout" refers to a dimensional non- 
10 unifomnity, wherein the tread radius exhibits lack of sym- 
metry around its circumference (either out-of-round or 
not concentric around the tire axis). 
[0102] "Runout" refers to a difference between maxi- 
mum and minimum indicator readings as applied to: 

a. Radial wheel runout - The difference between the 
maximum and minimum measurements of the 
wheel bead seat radii measured perpendicular to 
the spin axis. 

b. Lateral wheel runout - The difference between 
the maximum and minimum measurements parallel 
to the spin axis on the inside vertical portion of the 
rim flange. 

c. Radial tiro runout - The difference between the 
maximum and minimum measurements on the 
tread surface and in a plane perpendicular to the 
spin axis while the tire is mounted on a true wheel. 

d. Lateral tire runout - The difference between the 
maximum and minimum measurements parallel to 
the spin axis at the widest point of each sidewali of 
a lire on a true running wheel. 

[0103] "Section height" (SH) refers to the radial dis- 
tance from the nominal rim diameter to the outer diam- 
eter of the tire at its equatorial plane. 
[0104] "Sidewair refers to the portion of a tire be- 
tween the tread and the bead. 

[0105] 'Tangential" and "tangentially" refer to seg- 
ments of circular curves that intersect at a point through 
which can be drawn a single line that is mutually tan- 
gential to both circular segments. 
[0106] *'Turn-up end" refers to a portion of a carcass 
ply that turns upward (i.e., radially outward) from the 
beads about which the ply is wrapped. 
[01 07] "Unifonnity" refers to a measure of a tire's abil- 
ity to run smoothly and vibration free. Sometimes meas- 
ured as tire balance or radial and lateral force variation. 
[0108] "Unifomnity characteristic" refers to the devia- 
tion of a newly molded tire from the ideal measures of 
radial runout, radial force variation and conicity 

DETAILED DESCRIPTION OF THE INVENTION 

PRINCIPLE OF CONSTRUCTING A UNIFORM TIRE 

[01 09] In the past, each tire, upon removal from a con- 
ventional tire mold, yielded different unifonmity charac- 
teristics, i.e. deviations from pert ct dimensional and dy- 
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namic uniformity. The deviations are due to factors such 
as, the inconsistencies in materials, placement of the 
materials on the building drum, and other process vari- 
ables, as discussed hereinbefore. 
[01 10] The present invention is directed to novel man- 
ufacturing methods and tire constructions that can allow 
for corrections of a dimensional non -uniformity, i.e. a 
non-unifomnity that is measurable when the tire is at rest, 
and/or a dynamic non -uniformity, i.e. a nonuniformity 
manifested only when the tire is rotating. 
[0111] In a "perfecr tire, the reinforcement cords in 
the carcass ply have a substantially unifomn tension . Ba- 
sically, this unifonn tension exits in the sections of the 
reinforcement cords of the carcass ply located in the 
sidewalls, of the tire and extends substantially between 
the tire beads and the tire breakers. For example, refer- 
ring to Figure 7A. the tire 700 of the present invention 
has a tire carcass 701 , a tread portion 710, and a belt 
structure 71 2 between the tread portion 710 and the lire 
carcass 701 . The tire carcass 701 includes a tire car- 
cass reinforcement ply 720, a bead portion 706 having 
a bead 702, and a tire sidewati 714 generally extending 
between the tread portion 71 0 and the bead portion 706. 
The sidcwall 71 4 has an inner surface 71 8 and an outer 
surface 719. The tire 700 outwardly appears like a 
"standard" off-the-shelf tire, such as a bias, bias/belted 
and radiaf tires, but is quite different in that the rubber 
matrix of the ply coating stock of the carcass reinforce- 
ment ply 720 is formed of a special material, discussed 
in more detail hereinafter, that selectively permits and 
restricts movement or reorientation of one or more rein- 
forcement members (cords) 721 of the tire carcass re- 
inforcement ply after the tire has been at least partially 
vulcanized or cured. 

[01 12] The carcass reinforcement ply 720 includes a 
plurality of tire reinforcing cords 721 , which, in the case 
of a radial tire, are parallel and extend transversely from 
bead portion 706 to bead portion. The carcass reinforce- 
ment ply 720 has a central portion 720a and an end por- 
tion ("turn-up" end) 720b which wraps around a respec- 
tive one of the beads 702 and extends radially (with re- 
spect to the tire) back towards the tread portion 710 of 
the tire 700. The reinforcement cords are selected from 
the group comprising Kevlar (TM), steel, rayon, and ny- 
lon. 

[0113] For purposes of this discussion, three "land- 
marks" (points of interest) are noted on the carcass re- 
inforcing member 720: 

a point 720d adjacent the belt structure 71 2; 

a point 720e at the radially- inwardmost point on the 

bead 702; and 

a point 720f at the end of the carcass reinforcing 
member 720. 

[0114] The central portion 720a of the carcass rein- 
forcing member 720 in the tire sidewall identified as 
720g is defined as the portion of the reinforcing member 



between the point 720d and the radially-inwardmost 
point 720e on the bead 702. For purposes of the follow- 
ing discussion, the point 720d is considered relatively 
fixed with respect to the belt structure 712. The point 

5 720e is relatively free to be manipulated to move (e.g., 
be displaced and/or slip) with respect to the bead 702. 
[0115] When all of the reinforcing cords 721 in the 
section 720g have the same shape (curvature) and are 
of the same length as shown in Figure 7A, the reinforce- 

10 ment cords in the tire carcass 701 have a substantially 
unifonn tension and the tire 700 is assumed to have per- 
fect uniformity characteristics. However, if the tire 700 
is not perfectly uniform, we can assume that either the 
length or the curvature of the reinforcing cords 721 in 

15 the section 720g are not the same. For example, as 
shown in Figure 7A. it might be possible to correct cer- 
tain dimensional or dynamic non-uniformities of tire 700 
by permanently reorienting the ply line of certain rein- 
forcing cords 721 from their initial curvature (shown in 

20 solid line as 721 ) to a different ply line (shown in dashed 
line as 721'. The increased curvaceousness of cords 
721' causes an increase in the tension of those cords 
as compared to the less curvaceous cords 721 . 
[0116] In another example, as shown in Figure 7B, it 
might be possible to correct certain dimensional or dy- 
namic non-uniformities of tire 700 by permanently reo- 
rienting or reshaping the ply line of certain reinforcing 
cords 721 '* from their initial curvature (shown in solid line 
as 721") to a slraighter or less curvaceous pty line 
30 (shown in dashed line as 721"'). The decreased curva- 
ceousness of cords 721"' causes a decrease in the ten- 
sion of those cords relative to the more curvaceous 
cords 721". 

[0117] Prior to the present invention, once a tire was 

35 at least partially cured in the tire mold, the conventional 
rubber did not allow for any penmanent displacement or 
reorientation of the reinforcing cords with respect to 
each other or other tire components or material such as 
the beads or the sidewalls without permanently stretch- 
ing the reinforcing cords beyond their elastic limit. 
Therefore, until the present invention, there was no 
known lire construction or method to change the length 
or curvature of the ply reinforcing cords 721 in portion 
720g to adjust the cord tensions and thereby correct tire 

-^5 uniformity of an at least partially cured tire. According to 
the present invention, the matrix or ply coating stock of 
the carcass reinforcement ply 720 is formed with a ma- 
terial that selectively permits and restricts movement or 
reorientation of one or more reinforcement members 

50 (cords) of the tire carcass reinforcement ply with respect 
to other tire components after the tire has been at least 
partially vulcanized or cured. The matrix material is one 
that can be rendered plastic (deformable) and rendered 
non-plastic (nondeformable), which, in turn, respective- 

55 ty permits and restricts reorientation of one or more re- 
inforcement cords 721 relative to other materials or 
components of the tire, after the tire has been at least 
partially vulcanized (cured), without pemnanently de- 
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forming (stretching) the one or more reinforc ment 
mennbers beyond their respective elastic limits. After the 
portions of one or more ply reinforcement members or 
cords are reoriented and pennanently relocated, the 
material is rendered non-plastic to restrict further reori- 
entation of the reinforcement members. The relocation 
or rooncnlation of the cords, as discussed below, results 
in a tire having improved uniformity characteristics com- 
pared to tires constructed using the prior art methods 
and constructions. 

APPARATUS FOR CORRECTING TIRE UNIFORMITY 

[01 1 8] Figure 8 illustrates a relevant portion of a post 
cure unifomaity (PCU) apparatus 822 for mounting a tire 
800 mat IS being corrected to improve one or more uni- 
formity cha'acicnslics. The PCU apparatus 822 is pro- 
vided for correcting, without grinding, one or more tire 
uniformiiy chrtfrtctcrisiics. such as, for example, radial 
force variation nnU rndinl runout. Only relevant portions 
of the apparatus arc s^own. for illustrative clarity. The 
PCU apparatus 822 »nciudcs a "split rim" 824 compris- 
ing two rim mounting h,itvcs 826a and 826b. The rim 
mounting halves 326. i .md 826b arc substantially iden- 
tical and include a frustrDconicat tiro insert portion 828a, 
828b, respect ivoty nnd h support base 830a, 830b. re- 
spectively, disposed hT the outwardly facing side of the 
insert portion A ryino*^irH bond seal 832a, 832b pro- 
vided near the miofsrv-Tion o' the trust rocontcal insert 
portions 82Ba. 828D ano irc support bases 830a, 830b 
is adapted to provide a scmi and airtight seal in conjunc- 
tion with the wall of tic 'rusifoconical insert portions for 
the bead portions 806rt 8C6b of the tire 800. A cylindri- 
cal induction coil 834h 83*:b ts preferably located in the 
support bases 830a 830o respectively, near the cylin- 
drical bead seats 832^ e32b respectively. The coils 
834a, 834b are powofod with electric AC current to in- 
ductively heat the bc^ds 8C2a 802b. respectively, when 
tire 800 is mounted on the PCU apparatus 822. Heat 
from the beads 802a 8D2b conductively heats the ma- 
terial surrounding the beads Since rubber is a poor heat 
conductor, the heat is rciativo'y localized around beads 
802a, 802b and docs not extend up a sidewall 814. 
While the induction coiis t'jAn 834b are shown in the 
support bases 830a 830D bciow trie cylindrical bead 
seats 832a 832b it is a so witnm the terms of the inven- 
tion to locale the mdjci on co lb at any desired location 
in the rims mounting hri vc5 826rt 826b as long as they 
are capable of hcalmg the beads 802a. 802b as needed. 
The rim mounting halves a26a and 826b are construct- 
ed of a non- electrically concuctive material, such as 
plastiC; so as not to mierlerc with the inductive field gen- 
erated by the mducnor coiis 834a, 834b. It is under- 
stood, that pressun/od air car be provided into the cav- 
ity of the tire 800 th^ouq^ the split rim 824, such as 
through an air inlet paRjinQo 836 which, in turn, is con- 
nected to a source of prossuri/od air through air line 
838. 
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[0119] The split rim 824 is mounted to a shaft (not 
shown) which rotates the two rim mounting halves 826a 
and 826b with a tire mounted thereon at a desired rate 
of rotation. 

5 [01 20] Adjacent to the split rim 824, there can be pro- 
vided a rotatable shaft 833 typically held between two 
spaced bearing blocks 834 which are secured to a frame 
835 (partially shown). The frame 835 can be moved to- 
wards or away from the wheel 800, by conventional 

10 means such as hydraulic actuators (not shown) to force 
the cylindrical peripheral surface 836 of the shaft 833 
into a tread portion 810 to cause the tread portion to 
deflect radially inwardly an amount depending on the ra- 
dial force applied by the shaft and the pressure within 

'5 the tire 800. The peripheral shape of shaft 833 may have 
a generally cylindrical surface with any desired contour 
necessary to get the desired loading of different portions 
of the tire tread 810. 

[0121] While the rotatable shaft 833 is shown dis- 

20 posed to engage the tread potion 810, it is also within 
the tenns of the invention to dispose the shaft at a po- 
sition to contact any annular or circumferential tire sur- 
face to obtain some advantage of the present invention. 
[01 22] In operation, a tire to be corrected is delivered 

25 to the PCU apparatus 822 by conventional means such 
as a conveyor belt (not shown). The tire can be posi- 
tioned between the two rim mounting halves 826a and 
826b which are initially spaced axially apart from each 
other. Then by conventional means, such as hydraulic 

30 actuators (not shown), the two rim mounting halves 
826a and 826b are moved toward each other so that the 
lower rim mounting half 826b is brought into axial en- 
gagement with the lower bead area 806b and the upper 
rim mounting half 826a is brought into axial engagement 

35 with the upper bead area 806a. The tire 800 is then in- 
flated with fluid pressure, such as air. to a pressure suf- 
ficient to seat the bead areas B06a and 805b against the 
rim mounting halves 826a and 826b. 

-^0 r^/IETHODS OF CORRECTING TIRE UNIFORMITY 

[01 23] In the preferred embodiment, as shown in FIG- 
URE 8, the tire 800 has a carcass ply 820 where rein- 
forcement cords 821 are disposed in a matrix of special 

•^5 ply coating material - "special" in that it selectively per- 
mits and restricts movement, relocation or reorientation 
of one or more reinforcement members (cords) of the 
tire carcass reinforcement ply after the tire has been at 
least partially vulcanized or cured. For example, the 

50 special material can be a thermoplastic material that ex- 
. hibits plastic (malleable, flowable, defomnable) mechan- 
ical properties when its temperature is at least its "de- 
flection" or melting temperature, 250 degrees Fahren- 
heit (121 degrees C) to 375 degrees Fahrenheit (190 

55 degrees C) and exhibits non-plastic mechanical proper- 
ties when its temperature is below the deflection tem- 
perature. An important aspect of a suitable thermoplas- 
tic material is that it is co-curable with the surrounding 
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rubber materials. That is, it can cross-bond at its inter- 
face with the vulcanized rubber while exhibiting its plas- 
tic properties in the rest of its volume when it is above 
the deflection t mperature. Also, the special material 
must be mechanically capable of operating under the 
demanding conditions of an automobile or truck tire. 

STILL IN THE TIRE MOLD 

[0124] The entire time the tire 800 with the carcass 
ply 820 of reinforcement cords 821 disposed in a matrix 
of special pty coating material is still in the tire mold (not 
shown), the reinforcement cords in the carcass ply re- 
main unrestricted, because the special ply coating ma- 
terial remains in aplastic or deformable state. Thts latter 
state or condition allows the cords 821 to adjust them- 
selves throughout the curing process in the tire mold so 
that they tend to have an equal tension when the tire is 
r moved from the mold. In the prior art, this was not pos- 
sible, because the tire's rubber components vulcanize 
in the tire mold at different rates and different portions 
of the cords would "lock up" (become fixed or immova- 
ble) at different times in the process, and so would not 
lock up unifonmly with respect to each other. 

JUST OUT OF THE TIRE MOLD 

[0125] When the tire 800, having a carcass ply 820 
with the reinforcement cords 821 disposed in a matrix 
of the special ply coating, is initially removed from the 
tire mold and is still hot and above its deflection temper- 
ature, i.e. about 121 degrees C to about 190 degrees 
C, the tire can be mounted onto a PCU apparatus 822, 
as shown in Figure 8, as described herein before. Then, 
the tire 800 is inflated to a pressure sufficient to seat the 
bead areas 806a and 806b against the bead seats 832a 
and 832b, respectively The tire 800 can be inflated to 
a pressure that does not cause any of the tire compo- 
nents to delaminate or otherwise become defective. The 
inflation of the tire 800 while still hot from the molding 
process causes the cords 821, which are embedded in 
the special pty coating material that remains in a plastic, 
defonnable, malleable state, to adjust themselves to 
tend to achieve an equal tension. The cords 821 can 
adjust themselves by changing iheir curvaceousness. 
as shown in Figures 7A and 7B and described with re- 
gards to cords 721' and 721" hereinbefore. This simple 
method of inflating a tire 800 having reinforcement cords 
821 disposed in a matrix of the special ply coating is 
believed to be. in some cases, sufficient to adjust the 
ply reinforcement cords of the tire to improve a tire uni- 
fonmity characteristic. 

[0126] In some cases, it may be advantageous to 
force the cylindrical peripheral surface 836 of the shaft 
833 into the tread 81 0 to cause the tread portion to de- 
flect radially inwardly an amount depending on the radial 
force applied by the shaft and the pressure within the 
tire 800. Then the tire and the split rim 824 of the PCU 



apparatus 822 can be rotated at a desired speed. The 
effect is to reorient the cords 821 by alternatively stretch- 
ing and relaxing the cords, while they are still able to 
move while the matrix of special ply coating material is 
5 hot and remains plastic, so that the stresses in the cords 
are made generally uniform while the majority of the rub- 
ber in the tire is already at least partially cured even after 
some or all of the other rubber components have cured. 
[0127] As the tire 800 begins to cool down after it is 

10 initially removed from the tire mold, it may be beneficial 
or necessary to heat the beads 802a and 802b of the 
tire 800 with the induction heating coils 834a and 834b. 
This additional heat may allow for some self-adjustment 
of the shape of the ply cords 821 in the sidewalls 814, 

'5 as previously discussed herein, and/or lengthening of 
the portion of the ply cord portion in the sidewalls by 
pulling the ply cords closer to the bead 802a, 802b and 
thereby compressing the ply coating material between 
the carcass ply 820 and beads 802a. 802b. Alternalely 

^0 the reorienting of the one or more reinforcement mem- 
bers includes slipping the one or more reinforcement 
members around beads 802a, 802b. 
[0128] With regard to any of the tire embodiments in- 
corporating thermoplastic portions, it should be undcr- 

25 stood that a wide variety of thermoplastic materials are 
known, the properties of which are readily selected to 
tailor the properties of the resulting tire, as desired in a 
given application. Forexample, it would generally be de- 
sirable lo select a formulation for a thermoplastic mate- 

30 rial which has a deflection temperature which is higher 
than the highest expected temperature of the bead por- 
tion of the lire, so that the carcass reinforcing member 
may be manipulated to move (e.g.. be displaced) with 
respect to the bead only when desired, and at other 

35 times (e.g.. during driving the vehicle) remains fixed with 
respect to the bead. 

[0129] In a variation of the present invention, heat 
might be applied lo a localized region of an unvulcanized 
tire, below its vulcanization temperature, immediately 

-^0 prior to vuteanizing of the tire in a mold, to relieve local- 
ized or nonuniform cord stress. For the same reason, 
the green mighi be heated in the mold for a short period 
of time before pressure is applied. 
[0130] The thennoplastic materials for use in this in- 
veniion can be sulfur vulcanizable (i.e diene-based) or 
semi-sulfur vulcanizable (having a limited number of sul- 
fur vulcanizable sites) or non sulfur vulcanizable. Two 
or more different thermoplastic materials may be mixed 
together or disposed in or near each other in the same 

50 tire region. Also, two or more different thermoplastic ma- 
terials may be used in different tire regions. The deflec- 
tion temperature is in the range of 30 degrees C to 190 
degrees C and preferably in the range of 121 degrees 
C to 1 90 degrees C. 

55 [0131] An example of a sulfur vulcanizable thenmo- 
plastic for use with this invention is a syndiotactic 
1 ,2-polybutadiene (SPBD) that normally has more than 
65% of its monomeric units in a syndiotactic 1 ,2-config- 
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uration, as described in US-A- 5,058,647. A related ref- 
erence is US-A- 4,790,365. Another sulfur vulcanizable 
thermoplastic for use with this invention is a trans-poly- 
octenamer. These elastomers can be used alone or as 
a mixture with other diene-based elastomers and/or res- 5 
ins which are hereinafter described. 2. 
[0132] Semi-sulfur curable resins might be AB and 
ABA block copolymers: where A represents blocks of 
polystyrene, poly(alphamethyl styrene) or poly(t-butyl- 
styrene), and B represents blocks of either polyisoprene io 
or polybutadiene. Such block co-polymers may be. for 3. 
example, BBS or SIS block copolymers, as described in 
US-A- 5.756,589. Semi-sulfur curable resins would nor- 
mally be used in a mixture with sulfur curable diene- 
based elastomers, such as in a range of 5-95 phr and '5 
preferably 10-40 phr of the resin in the elastomer(s). 
[0133] Non-curable resins for use with this invention 
might be polymers of alphaolefins such as polyethylene, 
polypropylene, polybutene and copolymers of alphaole- 
fins with minor amounts of other mono-olefins such as 20 
1 -hexene and 1 -octene. Other non-curable resins might 4. 
be hydrocarbon, phenol/acetylene and rosin derived 
resins. Such resins are described in US-A- 5,901,863. 
Non-curabtc rosins might be used as a blend in mixtures 
of conjugated diene based sulfur curable elastomers in 25 
the amount of, for example, 5-25 phr. 

[0134] While the invention has been described in 5. 
combination with embodiments thereof, it is evident that 
many alternative modifications, and variations will be 
apparent to those skilled in the art in light of the forego- 30 
ing teachings. Accordingly, the invention is intended to 
embrace all such modifications and variations as fall 
within the scope of the appended claims. 6. 

35 

Claims 

1. A method of manufacturing a pneumatic tire (800) 7. 
having a pair of spaced beads (802) and at least 
one carcass reinforcement ply (820) extending be- -^o 
tween the beads for improving one or more tire uni- 
formity characteristics, the method being character- 
ized by the steps of: 8. 

a) fonning the carcass reinforcement ply (820) 
of a plurality of reinforcement cords (821) em- 
bedded in a matrix material that can be ren- 
dered plastic and rendered non-plastic, which 
respectively permits and restricts reorientation 

of reinforcement cords relative to other materi- so 9. 
als or components of the tire after the tire has 
boon at least partially vulcanized; 

b) rendering the matrix material plastic, after 
the tire has been at least partially vulcanized , 

to pennit one or more reinforcement cords to 55 
be reoriented; 

c) reorienting one or more reinforcement cords 
with respect to other reinforcement cords or 



components; and 

d) rendering the matrix material non-plastic, to 
restrict further reorientation of adjacent rein- 
forcement cords. 

Method, according to claim 1, characterized In 
that the step of reorienting the one or more rein- 
forcement cords includes reorienting the cords with- 
out their being stretched beyond their elastic limits. 

Method, according to claim 1 , characterized by the 
step of selecting the matrix material to be a thenmo- 
plastic having a deflection temperature; and the 
step of rendering the matrix material plastic includ- 
ing the step of maintaining the matrix material to 
above the deflection temperature; and the step of 
rendering the matrix material non-plastic including 
the step of cooling the matrix material to below the 
defleclion temperature. 

Method, according to claim 3, wherein the step of 
rendering the matrix material plastic includes heat- 
ing only selected portions of the tire to above the 
deflection temperature to permit reorientation of the 
one or more reinforcement cords. 

Method, according to claim 3, wherein the step of 
rendering the matrix material plastic includes heat- 
ing the tire in a tire motd to above the deflection tem- 
perature to pemnit reorientation of the one or more 
reinforcement cords while within the mold. 

Method, according to claim 3, wherein the step of 
maintaining the matrix material to above the deflec- 
tion temperature includes the tire being still hot from 
the tire mold and above the deflection temperature 

Method, according to claim 1 , wherein the step of 
reorienting the one or more reinforcement cords in- 
cludes reorienting the one or more reinforcement 
cords with respect to a component of the tire. 

Method, according to claim 5, characterized in 
that the step of reorienting the one or more rein- 
forcement cords includes the step of applying a 
force for moving the one or more reinforcement 
cords by air pressure after removal from the tire 
mold. 

A tire (800) comprising a tread portion (81 0), a bead 
portion (806), a sidewall portion (814), and a car- 
cass reinforcement ply (820) fomncd with a plurality 
of reinforcement cords (821), characterized by the 
carcass reinforcement ply (820) having the plurality 
of reinforcement cords (821) embedded in a matrix 
material that selectively permits and restricts reori- 
entation of one or more reinforcement cords relative 
to other materials or components of the tire; and the 
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one or more rernforcement cords being reorient d 
to improve a tire uniformity characteristic after the 
lire has been at least partially vulcanized without the 
one or more reinforcement cords being permanent- 
ly stretched beyond their elastic limit. 5 

10. The tire, according to claim 9, characterized In that 
ino matrix material is a thermoplastic material hav- 
rng a deflection temperature of at least 30 degrees 
C. 10 
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